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Abstrat
We demonstrate that the ombination of Zeeman, polarimetry and ion-to-
neutral moleular line width ratio measurements permits the determination of
the magnitude and orientation of the magneti eld in the weakly ionized parts
of moleular louds. Zeeman measurements provide the strength of the magneti
eld along the line of sight, polarimetry measurements give the eld orientation in
the plane of the sky and the ion-to-neutral moleular line width ratio determines
the angle between the magneti eld and the line of sight. We apply the tehnique
to the M17 star-forming region using a HERTZ 350 µm polarimetry map and
HCO
+
-to-HCN moleular line width ratios to provide the rst three-dimensional
view of the magneti eld in M17.
Subjet headings: ISM: loud  ISM: individual (M17)  ISM: magneti eld
 polarization  radio lines: ISM
1. Introdution
In this paper, we propose a method that will permit the determination of the magnitude
and orientation of the magneti eld in the weakly ionized parts of moleular louds. As it
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turns out, the magneti eld an be speied with three parameters: its magnitude B, the
viewing angle α dening its orientation relative to the line of sight and the angle β made
by its projetion on the plane of the sky (as dened relative to a predetermined diretion,
east from north, see Figure 1). Up till now, of these three quantities only the third ould
be measured. At submillimeter wavelengths, this an be aomplished, for example, with
polarization measurements of the ontinuum radiation emanating from elongated dust grains
that are aligned by the loal magneti eld (Davis & Greenstein 1952). The angle β is thus
obtained from the angle of the polarization vetor. The projetion of the magneti eld
vetor in the plane of the sky is oriented at right angles to the polarization vetor (Hildebrand
1988). The magnitude B annot be diretly measured, only the projetion of the magneti
eld vetor to the line of sight Blos an be obtained with Zeeman measurements. Despite the
inherent diulties assoiated with this tehnique, numerous moleular louds have lately
been suessfully studied using measurements of interstellar lines from the HI, OH and CN
speies (e.g., Brogan & Troland (2001); Brogan et al. (1999); Cruther et al. (1993, 1999);
Heiles (1997)). For general ases, where the magneti eld lies out of the plane of the sky,
a determination of the viewing angle α, in ombination with the measurements for Blos and
β, would provide a desription of the magneti eld vetor B. Up to now, this has been
impossible to ahieve.
Starting with the next setion, we will show how the determination of the viewing angle
α an be aomplished through a omparison of the prole of line spetra from oexistent
ion and moleular speies (we will use HCO
+
and HCN). Our analysis will be based on the
material presented by Houde et al. (2000a,b) and we will show that the ion-to-neutral line
width ratio, as dened by these authors, is a fundamental parameter and holds the key to
the determination of the viewing angle. We will then apply and test our new tehnique with
data obtained for the M17 moleular loud. More preisely, we will ombine our HCO
+
and
HCN spetrosopi data with an extensive 350 µm ontinuum polarimetry map obtained
with the HERTZ polarimeter (Dowell et al. 1998) at the Calteh Submillimeter Observatory
(CSO) to provide the rst three-dimensional view of the magneti eld in M17.
In this paper, we will fous more on the presentation and the disussion of our tehnique,
rather than the interpretation of the magneti eld results for M17. That aspet will be
treated in a subsequent paper.
2. The ion-to-neutral line width ratio
Houde et al. (2000a,b) have reently shown how a omparison of the line proles of
oexistent neutral and ion speies an be used to detet the presene of the magneti eld
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in moleular louds. Assuming a weakly ionized plasma, elasti ollisions and the presene
of neutral ows or turbulene in the region under study, they arrived at the onlusion that,
in the ore of moleular louds, the width of line proles of moleular ions should in general
be less than that of oexistent neutral moleular speies.
In onsidering an idealized situation where they investigated the behavior of an isolated
ion subjeted to the presene of a neutral ow, they found the following equations for the
mean and variane of its veloity omponents
〈
v‖,i
〉
=
〈
v‖,n
〉
(1)
〈v⊥,i〉 =
〈v⊥,n〉+ 〈ωr,i〉
−1 [〈v⊥,n〉 × 〈−→ω g,i〉]
1 +
(
〈ωg,i〉
〈ωr,i〉
)2 (2)
σ2‖,i =
a
[〈
v
2
⊥,n
〉
− 〈v⊥,i〉
2
]
+ b σ2‖,n[
mi
µi
− 1
]
(3)
σ2⊥,i =
g
[〈
v
2
⊥,n
〉
− 〈v⊥,i〉
2
]
+ h σ2‖,n[
mi
µi
− 1
]
(4)
σ2T,i =
[〈
v
2
⊥,n
〉
− 〈v⊥,i〉
2
]
+ σ2‖,n[
mi
µi
− 1
]
(5)
with
〈−→ω g,i〉 =
e 〈B〉
mic
(6)
〈ωr,i〉 ≃
µi
mi
νc,i (7)
σ2T,n =
〈
v
2
n
〉
− 〈vn〉
2 , (8)
where mi and µi are the ion mass and redued mass, respetively. The ion and neutral ow
veloities (vi and vn) were broken into two omponents: one parallel to the magneti eld
(v‖,i and v‖,n) and another (v⊥,i and v⊥,n) perpendiular to it. 〈ωr,i〉, 〈
−→ω g,i〉 and νc,i are
the ion relaxation rate, mean gyrofrequeny vetor and ollision rate, respetively. Under
the assumption that the neutral ow onsists mainly of moleular hydrogen and has a mean
moleular mass An = 2.3, we get a ≃ 0.16, b ≃ 0.67, g = 1− a and h = 1− b.
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It was the study of this set of equations that lead Houde et al. (2000a) to the onlusion
that the presene of a magneti eld in the weakly ionized part of moleular louds will
generally lead to ion moleular line proles of narrower width when ompared to those of
oexistent neutral speies. This fat was expressed more quantitatively in their subsequent
paper (Houde et al. 2000b) where expressions for the ion and neutral line widths were derived
for the speial ase where the region under onsideration has an azimuthal symmetry about
the axis dened by the diretion of the magneti eld and a reetion symmetry aross the
plane perpendiular to this axis. In suh instanes, the line widths (σl,n and σl,i for the
neutrals and ions, respetively) an be expressed by their variane as
σ2l,n =
∑
k
Ck
〈
v
k
n
〉2 [
cos2
(
θk
)
cos2 (α) +
1
2
sin2
(
θk
)
sin2 (α)
]
(9)
σ2l,i ≃
∑
k
Ck
〈
v
k
n
〉2  cos2 (θk) cos2 (α)
+
sin2
(
θk
)[
mi
µi
− 1
] [a cos2 (α) + g
2
sin2 (α)
] , (10)
where it was assumed that the dierent neutral ows, of veloity v
k
n at an angle θ
k
relative to
the axis of symmetry, do not have any intrinsi dispersion. The term Ck is the weight asso-
iated with the neutral ow k, whih presumably sales with the partile density (we assume
that ions and neutrals exist in similar proportions). An example of suh a onguration is
shown in Figure 2. It is important to realize that although the type of geometry presented in
this gure (a bipolar outow) has the aforementioned harateristis, we are not limited to
this model. What matters is the relative orientation of the individual neutral ows and not
their position in spae, i.e., all the ows shown in Figure 2 ould be arbitrarily repositioned
and equations (9) and (10) would still apply (as long as all the ows are ontained in the
region under study).
An important feature that an be assessed from equations (9) and (10) is that the line
width ratio σl,i/σl,n is not only a funtion of the orientation of the neutral ows but also of
the viewing angle α. It is easy to show that σl,n ≃ σl,i when the magneti eld is oriented
parallel to the line of sight (i.e., when α = 0) and that the line width ratio is minimum when
the magneti eld is in the plane of the sky (when α = pi/2) with
σl,i
σl,n
≃
[
g
mi
µi
− 1
] 1
2
≃ 0.26
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for HCO
+
(with θk 6= 0 for at least one value of k (Houde et al. 2001)).
We present in Table 1 the line width ratios measured for a relatively large sample of
moleular louds. As an be seen, with the exeption of HH 7-11 and Mon R2 whih have
ratios of very nearly unity, every soure shows the ion moleular speies as having a narrower
line width than the orresponding oexistent neutral speies.
This aspet is made even more evident by studying Figure 3 where we plotted the ion
line width against the orresponding neutral line width for every objet and pair of moleular
speies studied so far (HCO
+
is plotted against HCN and H
13
CO
+
against H
13
CN). The two
straight lines orrespond to the upper and lower limits disussed above, the steeper of the
two (with a slope of ≃ 1) arises when the magneti eld is oriented in a diretion parallel
to the line of sight while the other (with a slope of ≃ 0.26) when the eld lies in the plane
of the sky. As an be readily seen from this gure, the data obtained so far is in exellent
agreement with Houde et al.'s model and the predition it makes. Even the lower limit of
≃ 0.26 for the line width ratio predited by the simple model dened earlier appears to be
fairly aurate as only two of the more than ninety plotted points have a ratio whih is lower
than this value, and then only slightly.
These results have important impliations for the study of the magneti eld in moleular
louds. Namely:
1. In the weakly ionized regions of turbulent moleular louds, the neutrals drive the ions.
If the opposite were true, we would expet the ion speies to exhibit line proles whih
would be at least as broad as those of oexistent neutral speies and probably broader
(Houde et al. 2001), ontrary to observation.
2. The dierene in the width of the line proles of oexistent ion and neutral moleu-
lar speies implies that the oupling between ions and neutrals is poor in the ore of
moleular louds, at least at the sales probed by our observations (up to a few tenths
of a parse).
3. At the spatial resolution attained with our observations (we have a beam width of
≈ 20′′ in most ases), the diusion between ions and neutrals an be studied through a
omparison of the width of their line proles. It then appears from our results that the
drift speed between ions and neutrals an often be signiant in the ore of moleular
louds (on the order of a few km/s at the gas densities probed with the moleular
speies used here, i.e., n & 106 m−3).
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3. The determination of the viewing angle α
From our previous disussion leading to equations (9) and (10) and the determination
of the upper and lower limits for the line width ratio, one might infer that this parameter
ould possibly onvey important information about the angle α that the magneti eld
makes relative to the line of sight. More preisely, sine the line width ratio is maximum at
approximately unity when the eld is aligned with the line of sight (α = 0) and dereases
to a minimum of ≃ 0.26 when the eld lies in the plane of the sky (α = pi/2), we ould be
justied in hoping that it might be a well-behaved funtion whih dereases monotonially
with inreasing α.
We an explore this proposition by using our earlier model of symmetrial neutral ow
onguration. For example, we ould dene ases with dierent amounts of ollimation for
the neutral ows around the axis of symmetry speied by the orientation of the magneti
eld. An example was shown in Figure 2 where all the neutral ows are ontained within a
one of angular width ∆θ. Using suh a model, with the additional simpliation that the
neutral ow angle θk is independent of the veloity vkn, theoretial line widths σl,n and σl,i
an be alulated for dierent values of ∆θ using equations (9) and (10). We then get for
the square of the ratio
σ2l,i
σ2l,n
≃
e cos2 (α) + f
[
a cos2 (α) + g sin2 (α) /2
] [
mi
µi
− 1
]−1
e cos2 (α) + f sin2 (α) /2
(11)
with
e =
[
1− cos3 (∆θ)
]
/6
f =
[
2− 3 cos (∆θ) + cos3 (∆θ)
]
/6 .
Examples of suh models are shown in Figure 4 where the line width ratio is plotted
against the viewing angle α for neutral ow ollimation widths of 20◦, 40◦, 60◦ and 90◦ (no
ollimation). Note that every urve is monotoni and has a ratio of ≃ 1 at α = 0 and ≃ 0.26
at α = pi/2 as was determined earlier. This implies that it would be, in priniple, possible
to determine the viewing angle as a funtion of the line width ratio if we knew the urve (or
the amount of ollimation) whih orresponds best to the objet or region under study. We
next show how this an be done.
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3.1. Line width ratio vs polarization level
As it turns out, there exists another parameter that is a funtion of the orientation
of the magneti eld relative to the line of sight that an be readily obtained. This is the
polarization level that is measured, for example, from the ontinuum emission from dust
at submillimeter wavelengths. Indeed, sine the (elongated) dust grains are presumably
aligned by the magneti eld, the polarization level P deteted by an observer studying a
given region where the eld is oriented with a viewing angle α an be expressed as
P = Pmax sin
2 (α) , (12)
where Pmax is the maximum polarization level that an be deteted, i.e. when the eld lies
in the plane of the sky (α = pi/2). Evidently equation (12) an be inserted in equations (9)
and (10) to eliminate sin2 (α) and express the ion-to-neutral line width ratio as a funtion
of the normalized polarization level P/Pmax. Figure 5 shows the relationship between those
two parameters for the same four ases presented in Figure 4. Given the appropriate model
for the neutral ow ollimation, we would then expet a set of data (of the ion-to-neutral
line width ratio vs normalized polarization level) to fall along the orresponding urve. Or
should we?
It is now well known that submillimeter (or far-infrared) polarization maps of moleular
louds usually show that the polarization level dereases toward regions of higher optial
depth. This derease in polarization is more than what ould be expeted from opaity eets
and is not orrelated with the dust temperature (Dotson 1996; Weintraub, Goodman and
Akeson 2000). Even though this phenomenon is poorly understood, there is some evidene
that it is aused by either small-sale utuations in the magneti eld (Rao et al. 1998),
derease in grain alignment with inreasing optial depth or spherial grain growth. In view
of this, we should not expet data (of ion-to-neutral line width ratio against normalized
polarization level) to fall along a given urve, as shown in Figure 5, but rather within an
area bounded by the P/Pmax = 0 limit and the urve in question (for this, we use a value
of Pmax that would be found in a region that is unaeted by the depolarization eet).
This is shown in Figure 5 for the model with a neutral ow ollimation of ∆θ = 90◦ where
the shaded region represents the area where we now expet the data to fall. Loations in a
moleular loud that are greatly aeted by the depolarization eet will tend to lie loser
to the P/Pmax = 0 boundary whereas those that are little or not aeted should fall lose to
theoretial urve (with ∆θ = 90◦ in this example).
Still, the urve that best ts a given set of data an be used to determine the viewing
angle α as a funtion of the ion-to-neutral line width ratio. One this urve is identied, one
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merely has to invert the orresponding urve plotted in Figure 4 (or equation (11)) starting
with the line width ratio to obtain α. For ases where the eld lies out of the plane of the
sky, this information an in turn be ombined with Zeeman and polarimetry measurements
to determine the magnitude and the orientation of the magneti eld (the orientation of the
eld is not ompletely determined sine there is an ambiguity of 180
◦
in the value of the
angle β obtained from polarimetry).
3.2. The nature of α
It is appropriate at this time to be more preise in dening the nature of the angle α in
relation to atual measurements made in moleular louds. All the equations presented so
far dealt with a single mean omponent for the magneti eld 〈B〉 at a given point in spae
(and time) within a moleular loud and its eet on the behavior of ions. The viewing angle
α was then dened in relation to this mean eld as follows
〈B〉 = 〈B〉
[
cos (α) e‖ + sin (α) e⊥
]
.
However, sine observations are done with a nite resolution it is likely that the magneti
eld ould hange orientation or that numerous magneti eld omponents 〈Bi〉 ould be
present within the region of the moleular louds subtended by the telesope beam width,
and ontribute equally in shaping the line prole of moleular ion speies. Under suh
irumstanes, equation (10) for the ion line width and subsequently equation (11) for the
ion-to-neutral line width ratio an easily be modied to take this into aount. This is done
by simply replaing cos2 (α) and sin2 (α) in these equations by their average over all the
omponents, namely
cos2 (α) →
〈
cos2 (α)
〉
=
1
N
N∑
i=1
cos2 (αi) (13)
sin2 (α) →
〈
sin2 (α)
〉
=
1
N
N∑
i=1
sin2 (αi) , (14)
where the index i pertains to the dierent orientations or omponents of the magneti eld
and N is their total number.
Notie also that α, as dened by equations (13) and (14), is an average over all volume
elements. The value of α, so dened, may dier from the inlination of the uniform eld
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that best t the large sale struture. For example, if the large sale eld is along the line
of sight, any bend or dispersion in the eld diretion will result in a value of α greater than
zero.
The values of α that will be obtained from the measurements presented in the next
setion should, therefore, be interpreted as representing the aforementioned average for the
orientation or inlination of the magneti eld (within a beam width) in the regions under
study.
4. Observational evidene
An extensive 350 µm polarimetry map of the M17 moleular loud was obtained using
the HERTZ polarimeter (Dowell et al. 1998) at the CSO on 1997 April 20 through 27 and
2001 July 19 and is presented in Figure 6. Beside the total ux (in ontours) and polarized
ux (in gray sale), this gure gives a detailed view (with a beam size of ≃ 20′′) of the
polarization vetors (or E vetors) aross an area of more than 3′ by 4′. All the polarization
vetors shown have a polarization level and error suh that P > 3σP . Cirles indiate ases
where P + 2σP < 1%. Overall, the appearane of this map is in good qualitative agreement
with results obtained at 60 µm and 100 µm by Dotson et al. (2000). Detail of the data
presented in Figure 6 an be found in Table 2.
As an be seen, both the magnitude and the orientation of the polarization vetors are
well-behaved aross the map in that, at this spatial resolution, the variations are smooth
and happen on a relatively large sale. The amount of polarization is seen to vary from
≈ 0% to a maximum of ≈ 4% whih is onsistent with the bulk of observations made on
other objets at this wavelength. Another feature that an easily be deteted, and whih
has important ramiations for our study, is the depolarization eet disussed earlier. A
visual inspetion will onvine the reader that regions of higher total ux have, in general,
a signiantly lower level of polarization assoiated to them. This will be made even learer
with the help of Figure 7 where we have plotted the polarization level against the total
ontinuum ux at 350µm. As an be seen, there is an unmistakable anti-orrelation between
the two parameters with a signiant redution in the polarization levels for uxes greater
than approximately 250 Jy. This result is reminisent of that published by Dotson (1996,
see her Figure 6) for the polarization level as a funtion of the optial depth at 100 µm for
the same objet.
We present in Figure 8 HCN and HCO
+
maps of M17 in the J → 4−3 transition made
at the CSO, using the faility's 300-400 GHz reeiver, during a large number of nights in the
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months of Marh, May, June and August 2001. As an be seen, the two maps have a similar
appearane and are also not unlike the 350 µm ontinuum map presented in Figure 6. The
beam size for these sets of observations is similar to the HERTZ beam at ≈ 20′′. This is a
nie feature as our analysis will rest on omparisons of polarimetry and spetrosopi data
aross the moleular loud. We also show in Figure 9 typial ases of spetra obtained and
that were used to build these maps, along with a t to their line prole. We an see the level
of signal-to-noise ratio needed to aurately t the line prole (and their wings) and measure
the line width ratio dened earlier (whih uses the variane of the lines). Eah spetrum
used in this study required a minimum of 8 to 10 minutes of integration (ON soure) and
often muh more.
4.1. The line width ratio and the polarization level
We are now in a position to test the model presented in setion 3 and the relationship it
predits between the ion-to-neutral line width ratio and the polarization level in moleular
louds.
We have, therefore, measured the widths σl,i and σl,n at every position of our M17 maps
and plotted the HCO
+
/HCN line width ratio against the polarization level. This is shown
in Figure 10. Whenever the spetrosopi datum was not oinident in spae with any of
the polarimetry data, we have used a simple bilinear interpolation tehnique to determine
the orresponding polarization level. Referring bak to the spetra shown in Figure 9, we
see that the line proles an sometimes be ompliated. We modeled eah line with a multi-
Gaussian prole and used it in its entirety to alulate σl,i and σl,n; i.e., we have not hosen
a partiular veloity omponent when more than one were apparent, but used the whole
t to the line shape. This is onsistent with the material presented in setion 2 (and in
Houde et al. (2000a,b)) sine the method used when omparing moleular ion and neutral
lines presupposes a large number of ows (and/or veloity omponents). It is also more
onsistent with the type of omparison made here between spetrosopi and polarimetry
data sine it is not possible to disriminate between veloity omponents in the latter.
In Figure 10, we have used the normalized polarization level P/Pmax with the maximum
level of polarization set at Pmax = 7%. As was explained in setion 3.1, this is neessary
for the omparison of the line ratio to the polarimetry data. Our hoie of Pmax was not
done arbitrarily or neither was its value determined so as to provide a t to the data.
We have based its value on the extensive polarimetry data already obtained with HERTZ
where we found that the highest levels of polarization deteted so far at 350 µm were in
the neighborhood of 7%. We assume that this applies well to M17 and that it orresponds
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to the hypothetial ase where the magneti eld lies in the plane of the sky (α = pi/2) at
a position unaeted by the depolarization eet. It should be noted that small variations
in this parameter would not signiantly hange our results. Aompanying the data is a
urve for a onguration of neutral ows with a ollimation angle ∆θ = 34.5◦ similar to the
models dened in setion 3 and presented in Figure 5, resulting from a non-linear t to the
points that delineates the outer limit of the data in Figure 10. The rest of the data falls
neatly in the shaded area and is seen to be signiantly aeted by the depolarization eet
disussed earlier.
While taking another look at Figure 7 for the polarization level as a funtion of the
total ux, it should not be surprising that the lear majority of data points in Figure 10
do not take part in determining the urve that denes the ollimation model. Indeed, most
of them belong to regions where the ux is relatively strong and will, most likely, show a
redution in their respetive polarization level. We should, therefore, expet that only a
limited number of points would partake in the determination of the ollimation model. An
extension of the map to fainter regions of the moleular louds ould possibly alleviate this
issue along with bringing an inrease in the number of vetors exhibiting higher polarization
levels. This would be desirable sine, admittedly, our map of M17 shows no points with
a polarization level greater than 4% whih would allow for a better determination of the
proper onguration of neutral ows and a more stringent test to our tehnique. Still, the
outome is enouraging and the results presented in Figure 10 are onsistent with what was
predited by our model.
We show in Figure 11 a map of the orientation of the magneti eld in M17 at every
observed position. The angle β, made by the projetion of the magneti eld in the plane of
the sky, was obtained from the polarimetry data by rotating the orresponding polarization
angle PA by 90◦ and is represented on the map by the orientation of the vetors. The viewing
angle α, or the angle made by the magneti eld to the line of sight, was obtained by using
the t disussed above and by inverting equation (11) with the HCO
+
/HCN line width ratio
as input and an be read on the map by the length of the vetors (using the sale in the
bottom right). Both angles are plotted on top of the 350 µm ontinuum ux obtained with
HERTZ.
The results are presented in more detail in Table 3. An estimate of σα, the error in the
viewing angle was alulated by onverting the error in the HCO
+
/HCN line width ratio to
that of the viewing angle through equation (11).
From Figure 11, we an observe some of the main features in the orientation of the
magneti eld in M17. First, there is a gradual shift of some 40◦ in the orientation of the
projetion of the magneti eld on the plane of the sky from the south-west part of the
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map (β ∼ 50◦) to the north (β ∼ 90◦). On the other hand, the viewing angle is maximum
at α ∼ 65◦ in the neighborhood of the region of peak ontinuum emission and smoothly
dereases south-westerly to a loal minimum where the eld is better aligned to the line of
sight with α ≃ 30◦ at RA O ≃ −50′′, De O ≃ −50′′. The eld gradually approahes the
plane of the sky, one again, in the south of the map.
Most interestingly, there is an important and loalized derease in the viewing angle of
roughly 30◦−40◦ lose to the position of steepest hange in ontinuum (or HCN and HCO+)
emission where α reahes a minimum at approximately 10◦. This region, loated at RA O
≃ 0′′, De O ≃ 80′′, is also nearly oinident with the loations of H2O and OH masers and
the ultraompat HII region of the Northern Condensation, where Brogan & Troland (2001,
see their Figure 16) have obtained a value of Blos ≃ −300µG using OH measurements at 20
km/s.
It is important to realize that α does not provide us with the information onerning the
diretion of the magneti eld relative to the plane of the sky (i.e., is it going in or oming
out of the plane?), this will be provided by Zeeman measurements. We know that for M17
the magneti eld is atually oming out of the plane of the sky (Brogan & Troland 2001,
using their HI or OH Zeeman measurements at 20 km/s). The values of α thus obtained here
are therefore relative to an axis direted toward the observer. Finally, taking into aount
that the magneti eld an be direted away from the line of sight by as muh as 60◦ in some
parts of M17, we an see that a multipliative fator of the order of 2 has to be applied to
the Zeeman measurements of Brogan & Troland (2001) in order to evaluate the magnitude
of the magneti eld. They obtained a maximum value of ≈ −750µG for Blos, using HI
Zeeman measurements at 20 km/s, implying that the magnitude of the eld ould be as high
as ≈ 1.5 mG for this objet.
5. Disussion
In the previous setions, we have proposed a new tehnique, based on the work of Houde
et al. (2000a,b), for evaluating the orientation of the magneti eld in moleular louds. The
orientation of the eld is speied by its inlination or viewing angle α (see setion 3.2 for a
preision onerning its denition) and the angle β made by its projetion on the plane of
the sky. One determined, these parameters an also be used in onjuntion with Zeeman
measurements to obtain maps of the magnitude of the magneti eld. We applied this
tehnique to spetrosopi and polarimetry data of M17 obtained at the CSO and found the
results to be in good agreement with our preditions. However, as pleasing as this outome
may be, our treatment of the data rests on a number assumptions that need to be addressed
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and disussed.
1. At the heart of our tehnique is the extensive omparison of polarimetry data measured
from ontinuum dust emission at 350 µm and line proles of the HCN and HCO+
moleular speies. It is, however, likely that the dust is optially thin at 350 µmwhereas
this is probably not true everywhere in M17 for the HCN and HCO
+
transitions used
in this study. This implies that we are, perhaps, not probing the same regions with
both sets of observations, this is more likely to be true in the region of maximum
HCN and HCO
+
intensity. It is then probable that some errors are introdued in our
analysis for that part of the loud. Unfortunately, it is not possible, at this point, to
say to what extent this is so. It might, therefore, be desirable to study this region of
the loud with speies that are less abundant (as long as the pair of moleules used
an be shown to be oexistent). Future studies using H
13
CN and H
13
CO
+
might shed
some light on this issue.
2. In the same vein, it is also not ertain that given sets of spetrometri (or polarimetry)
and Zeeman data would always probe the same region of a moleular loud. As far
as a omparison with the HCN and HCO
+
is onerned, Zeeman measurements made
with the CN moleular speies are likely to be a better math than others made with
HI or OH.
3. Again related to point 1 above is the fat that the line proles from HCN and HCO
+
are probably saturated in some regions of the moleular loud. It is then likely that the
line width ratio is, to some extent, subjet to errors due to the dierent enhanement of
the high veloity wings between both speies. Using a pair of less abundant moleular
speies would also help in improving on this.
4. Small hanges in the evaluation of the line width ratio an be important in determining
both the appropriate neutral ow onguration to a set of data and ultimately the
viewing angle. This puts stringent requirements on the modeling of the line proles.
It is extremely important that the high veloity wings be well tted. As this is often
diult to do for a nite signal-to-noise ratio, this is likely to be a soure of error in
the analysis. We did our best to minimize this and we feel ondent about the quality
of our modeling of the line proles, but we annot be entirely ertain that this soure
of error has no impat on our results.
5. Contrary to what was assumed in our analysis, it is very likely that a single model of
neutral ow onguration does not apply equally well to the dierent regions of the
moleular loud. It is probably better to think of the hosen model as some sort of
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piture representative of the objet under study (it tells us the maximum amount of
ow ollimation expeted in the area overed by the observations). This is ertainly
another soure of errors. But unlike the others disussed previously, it is possible to
get a glimpse as to how severe it is likely to be. To this end, we have purposely hosen
a bad t to our data and alulated a new set of viewing angles and ompared it with
the one presented in Table 3. We show in Figure 12 histograms for the distribution
of the viewing angle for the good (top, with ∆θ = 34.5◦) and the bad t where
we have arbitrarily hosen a neutral ow onguration model of ∆θ = 60◦ (bottom).
(Alternatively, the model with ∆θ = 60◦ would be a good t to the data if Pmax
were raised to approximately 15%.) As an be seen, there is a denite hange in the
distribution from one model to the other as the mean for the viewing angle hanges
from 54◦ for the good t to 38◦ for the other. But, as an also be seen from a omparison
of the histograms, the error oasioned by a bad seletion of the neutral ow model is
not likely to be muh more than roughly 15◦ to 20◦ in the ases where α is measured
to be high whereas it is fairly negligible when it is small. Our tehnique is, therefore,
relatively robust to this kind of error.
6. Finally, as mentioned in the last setion, M17 is laking some higher polarization points
that would allow to test our tehnique further out in polarization spae.
In view of all this, it is important that tests be onduted on more objets to ensure
the validity of the method. More preisely, we need to ondut similar studies on moleular
louds exhibiting higher levels of polarization and if possible use other less abundant speies
(e.g., H
13
CN and H
13
CO
+
) to better math the ontinuum measurements. Although suh
programs require a signiant amount of observing time, the expeted benets are suh that
we judge it to be imperative to push them forward. We list here some of the most obvious
benets.
1. As was mentioned earlier, ombining the kind of study presented here with Zeeman
measurements (subjeted to point 2 above), it is now possible to make maps for the
magnitude and orientation of the magneti eld in moleular louds.
2. It might also be possible to determine the topology of the magneti eld in moleular
louds and, perhaps, test the preditions made by dierent models (e.g., the helial
eld model of Fiege & Pudritz (2000a,b)).
3. As was hinted to in the previous setion, a study of the variations in the orientation of
the magneti eld through angles α and β in orrelation to density or density gradients
might help in revealing some of the interations between the magneti eld and its
environment (e.g., eld pinhing during ollapse).
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4. The knowledge of the urve relating the ion-to-neutral line width ratio and the nor-
malized polarization (as in Figure 10) would allow for a orretion of the polarization
levels aross the soure and possibly help in understanding the proesses responsible
for the depolarization eet observed in moleular louds (e.g., dierentiate between
dierent grain models).
Time will tell how well our proposed tehnique fares and how muh it an reveal onerning
the nature of the magneti eld in moleular louds. But we might be justied in being
optimisti about a method that purposely uses three seemingly dierent and independent
observational tehniques and ombines them in a way that takes advantage of and learly
exhibits their omplementarity.
We wish to thank Dr. A. A. Goodman and Dr. C. L. Brogan for insightful omments on
the subjet. The Calteh Submillimeter Observatory is funded by the NSF through ontrat
AST 9980846 and the observations with HERTZ were supported by NSF Grant # 9987441.
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Table 1. Ion-to-neutral line width ratios in star-forming regions.
Coordinates (1950) v 〈ratio〉
Soure RA DEC (km/s) thik
a
thin
b
W3 IRS 5 2h21m53.s3 61◦52′21.′′4 −38.1 0.43 0.39
GL 490 3h23m38.s8 58◦36′39.′′0 −13.4 0.61 0.69
HH 7-11 3h25m58.s2 31◦05′46.′′0 8.4 1.02 · · ·
NGC 1333 IRAS 4 3h26m05.s0 31◦03′13.′′1 8.4 0.32 · · ·
L1551 IRS 5 4h28m40.s2 18◦01′41.′′0 6.3 0.89 · · ·
OMC-1 5h32m47.s2 −05◦24′25.′′3 9.0 0.55c 0.22
OMC-3 MMS 6 5h32m55.s6 −05◦03′25.′′0 11.3 0.51 0.48
OMC-2 FIR 4 5
h
32
m
59.s0 −05◦11′54.′′0 11.2 0.76 0.27
L1641N 5h33m52.s5 −06◦24′00.′′0 7.5 0.65 · · ·
NGC 2024 FIR 5 5h39m12.s7 −01◦57′03.′′3 11.5 0.95 · · ·
NGC 2071 5h44m30.s2 00◦20′42.′′0 9.5 0.93 0.64
Mon R2 6h05m20.s3 −06◦22′47.′′0 10.5 1.03 · · ·
GGD 12 6
h
08
m
23.s9 −06◦11′04.′′0 10.9 0.78 · · ·
S269 6h11m46.s4 13◦50′33.′′0 19.2 0.69 · · ·
AFGL961E 6h31m59.s1 04◦15′09.′′0 13.7 0.95 · · ·
NGC 2264 6h38m25.s6 09◦32′19.′′0 8.2 0.85 0.88
M17 SWN 18h17m29.s8 −16◦12′55.′′0 19.6 0.90 0.81
M17 SWS 18h17m31.s8 −16◦15′05.′′0 19.7 0.90 0.78
DR 21(OH) 20h37m13.s0 42◦12′00.′′0 −2.6 0.80 0.69
DR 21 20h37m14.s5 42◦09′00.′′0 −2.7 0.98 0.58
S140 22h17m40.s0 63◦03′30.′′0 −7.0 0.80 0.85
a
From the ratio of HCO
+
to HCN line width.
b
From the root mean square of ratios of H
13
CO
+
to H
13
CN line width.
c
We have orreted the previous value of 0.19 published by Houde et al.
(2000b)
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Table 2. M17 350 µm Results
∆α a ∆δ a P σP PA
b σPA Flux
c
-120 95 0.84 0.57 151.9 19.5 255.7
-115 -51 3.62 1.55 148.7 12.2 151.0
-115 78 0.76 0.61 112.9 22.8 249.6
-110 -69 3.61 1.60 149.9 12.7 127.6
-110 61 0.82 0.45 135.0 15.7 255.3
-108 117 0.16 0.34 42.6 60.5 297.6
-105 -86 1.74 1.77 133.7 29.4 106.5
-105 44 1.47 0.41 140.1 8.0 284.0
-103 -29 3.21 0.96 149.9 8.5 206.3
-103 100 0.64 0.28 145.9 12.4 310.3
-100 -103 0.60 1.60 91.6 76.3 94.3
-100 27 1.62 0.42 123.3 7.4 368.4
-98 -47 3.78 0.39 143.0 2.9 214.3
-98 83 0.52 0.22 124.2 12.0 326.3
-95 -120 5.36 16.45 121.4 87.9 71.1
-95 10 1.87 0.46 134.1 7.1 374.2
-95 139 0.95 0.76 176.0 23.1 240.4
-93 -64 3.62 0.29 139.3 2.3 206.0
-93 66 0.76 0.20 128.3 7.6 348.3
-91 122 0.35 0.13 69.5 10.7 315.3
-90 -7 1.48 0.52 134.6 10.2 309.6
-88 -81 3.30 0.34 135.8 2.9 171.9
-88 49 0.61 0.18 122.8 8.5 371.1
-86 -25 2.36 0.25 152.5 3.0 264.2
-86 105 0.62 0.06 98.3 2.7 444.9
-83 -98 2.91 0.37 142.2 3.6 151.1
-83 32 0.64 0.15 139.0 6.8 413.1
-81 -42 2.87 0.18 143.5 1.7 252.4
-81 88 0.64 0.05 119.9 2.3 475.5
-78 -115 1.67 0.56 140.7 9.6 116.5
-78 15 0.44 0.24 166.8 15.7 407.4
-78 144 0.87 0.19 60.7 6.2 233.1
-76 -59 3.50 0.16 140.8 1.3 261.6
-76 71 0.92 0.06 128.6 1.8 426.4
-73 -132 0.92 1.62 131.2 50.9 105.7
-73 -3 0.94 0.62 157.0 18.5 365.0
-73 127 0.46 0.07 66.3 4.5 304.9
-71 -76 3.56 0.16 141.1 1.2 269.9
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Table 2Continued
∆α a ∆δ a P σP PA
b σPA Flux
c
-71 54 0.23 0.07 123.4 10.8 452.8
-69 110 0.12 0.05 63.8 11.8 416.9
-68 -20 1.48 0.10 147.7 1.9 317.6
-66 -93 3.73 0.17 136.9 1.3 238.0
-66 37 0.26 0.09 11.6 9.6 533.1
-64 -37 1.84 0.11 138.6 1.6 283.5
-64 93 0.47 0.05 161.5 3.1 424.7
-61 -110 2.76 0.32 136.5 3.4 151.6
-61 20 0.65 0.07 177.0 3.1 567.3
-61 149 0.48 0.20 88.9 12.2 169.0
-59 -54 2.08 0.11 140.1 1.5 275.5
-59 76 0.45 0.05 151.3 3.1 368.7
-56 -127 2.36 0.58 139.5 7.0 130.7
-56 2 0.87 0.10 164.5 2.5 485.7
-56 132 0.22 0.09 42.9 11.9 235.3
-54 -71 2.35 0.10 139.2 1.3 305.4
-54 59 0.07 0.06 149.4 18.5 477.3
-51 -144 0.68 1.49 178.9 62.1 135.5
-51 -15 1.14 0.06 151.0 1.4 377.6
-51 115 0.67 0.06 7.5 2.8 312.8
-49 -88 2.46 0.12 140.7 1.4 317.5
-49 42 0.19 0.07 4.8 11.8 625.6
-47 98 1.06 0.05 2.6 1.3 398.6
-46 -32 1.35 0.07 143.0 2.0 313.7
-44 -105 2.13 0.17 141.6 2.3 236.2
-44 24 0.41 0.03 7.7 3.8 710.6
-44 154 0.39 0.30 100.1 22.2 111.7
-42 -49 1.16 0.08 143.2 2.1 258.9
-42 81 0.60 0.04 179.1 2.0 419.0
-39 -122 2.71 0.38 134.0 4.0 171.3
-39 7 0.72 0.05 168.1 2.5 631.8
-39 137 0.52 0.13 5.4 7.1 175.9
-37 -66 1.01 0.08 143.5 2.4 247.7
-37 64 0.38 0.03 2.3 2.5 559.4
-34 -139 0.70 1.83 60.7 75.3 148.9
-34 -10 1.35 0.08 165.7 1.3 416.1
-34 120 1.11 0.07 6.1 1.8 298.4
-32 -83 1.26 0.09 148.9 2.1 276.6
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Table 2Continued
∆α a ∆δ a P σP PA
b σPA Flux
c
-32 46 0.12 0.03 171.8 10.6 584.6
-29 -27 1.15 0.08 159.0 1.8 344.0
-29 103 1.28 0.03 11.7 0.7 507.3
-27 -100 1.11 0.16 131.8 4.2 273.1
-27 29 0.37 0.03 157.3 2.6 654.5
-27 159 0.45 0.43 65.3 27.1 86.0
-25 86 0.87 0.03 9.4 0.9 625.5
-24 -44 0.81 0.06 153.8 2.1 271.3
-22 -117 1.68 0.45 140.8 7.7 213.5
-22 12 0.93 0.04 161.1 1.1 579.3
-22 142 0.66 0.17 12.6 7.3 131.6
-20 -61 0.34 0.07 156.3 5.7 243.7
-20 68 0.80 0.03 11.5 1.0 677.0
-17 -5 1.42 0.03 167.1 0.7 496.5
-17 125 0.91 0.10 7.9 3.2 200.8
-15 -78 0.48 0.08 143.2 4.7 253.8
-15 51 0.39 0.03 174.3 3.7 525.4
-12 -22 1.71 0.04 171.4 0.6 431.0
-12 108 1.18 0.04 7.4 1.0 352.4
-10 -95 0.31 0.12 130.8 10.7 279.3
-10 34 0.71 0.04 156.9 1.6 476.5
-10 164 0.86 0.82 68.7 27.3 58.8
-7 -39 1.17 0.05 174.5 1.2 340.5
-7 90 1.31 0.03 4.8 0.6 589.0
-5 -112 0.62 0.27 123.5 12.5 220.6
-5 17 1.08 0.03 162.1 0.8 483.6
-5 147 0.54 0.39 173.6 20.8 100.9
-3 73 0.83 0.03 177.8 1.2 545.4
-2 -56 1.09 0.06 173.4 1.7 268.8
0 -130 1.83 1.35 114.8 21.1 165.4
0 0 1.56 0.03 167.3 0.6 490.0
0 130 1.02 0.14 4.4 4.0 141.8
2 56 0.49 0.05 6.6 2.9 377.4
3 -73 0.63 0.07 2.3 3.3 226.9
5 -17 2.01 0.03 173.2 0.5 471.7
5 112 1.22 0.09 7.5 2.2 196.4
7 -90 0.58 0.12 31.8 6.0 206.3
7 39 0.79 0.10 175.4 2.3 329.1
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Table 2Continued
∆α a ∆δ a P σP PA
b σPA Flux
c
10 -34 2.13 0.05 177.1 0.6 409.9
10 95 1.18 0.05 5.6 1.3 313.1
12 -108 0.32 0.48 101.5 42.8 169.3
12 22 1.36 0.05 177.3 1.1 324.0
12 152 0.51 0.77 79.2 43.7 67.9
15 -51 1.83 0.05 178.6 0.8 343.7
15 78 0.88 0.06 176.8 2.1 293.8
17 5 1.97 0.04 177.7 0.6 352.2
17 134 1.16 0.52 20.8 12.9 105.3
20 -68 1.66 0.07 12.4 1.3 265.8
20 61 1.00 0.12 14.6 3.4 226.9
22 -12 2.13 0.05 178.7 0.7 362.3
22 117 1.60 0.24 12.4 4.3 132.8
24 44 1.11 0.11 6.6 2.8 224.7
25 -86 1.67 0.20 30.9 3.4 195.0
27 -29 2.24 0.05 180.0 0.6 308.3
27 100 1.30 0.13 14.8 2.8 149.7
29 27 1.75 0.08 7.9 1.3 223.2
32 -46 1.91 0.06 6.7 0.9 298.4
32 83 1.35 0.25 9.2 5.4 157.3
34 10 2.20 0.08 5.0 1.0 240.9
37 -64 1.92 0.12 21.2 1.8 226.8
37 66 1.23 0.20 17.2 4.6 156.5
39 -7 2.05 0.07 3.0 1.0 238.2
42 -81 2.06 0.22 29.9 3.1 156.4
42 49 1.28 0.17 15.0 3.9 159.5
44 -24 1.99 0.09 5.9 1.2 232.0
44 105 1.10 0.36 14.6 9.5 112.8
46 32 1.73 0.26 6.7 4.2 168.5
49 -42 1.92 0.10 14.1 1.4 209.9
51 15 2.03 0.20 7.3 2.9 178.1
54 -59 1.87 0.13 22.5 2.0 168.2
54 71 2.33 0.42 24.5 5.1 114.4
56 -2 2.28 0.14 4.5 1.7 180.2
59 -76 2.32 0.30 35.1 3.7 130.7
59 54 3.17 0.48 24.3 4.3 118.0
61 -20 1.54 0.14 13.1 2.6 195.2
66 -37 1.17 0.14 22.2 3.4 198.9
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Table 2Continued
∆α a ∆δ a P σP PA
b σPA Flux
c
71 -54 2.02 0.25 27.8 3.5 163.1
a
Osets in arseonds from 18h17m31.s4,
−16◦14′25′′ (1950).
b
Position angle of E-vetor in degrees east from
north.
c
Jy/20
′′
beam
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Table 3. M17 - Magneti Field Orientation
∆α a ∆δ a α b σα β
c σβ
-100 -60 59.9 5.5 52.6 5.5
-100 -40 68.8 0.3 55.3 5.1
-80 -80 51.8 1.4 48.8 1.2
-80 -60 61.0 0.4 50.5 1.1
-80 -40 60.2 0.5 53.9 1.7
-68 -20 67.8 0.3 57.5 1.3
-66 -93 51.8 2.5 46.9 1.3
-64 -37 62.6 1.1 48.8 0.8
-64 93 60.7 0.3 70.8 3.0
-60 20 61.7 0.1 87.6 1.6
-59 -54 37.7 8.7 50.1 1.4
-59 76 65.0 0.4 61.1 2.8
-56 2 59.6 0.3 74.2 2.5
-54 -71 57.9 0.9 49.2 1.1
-54 36 68.1 1.5 95.7 3.8
-54 54 67.1 0.2 75.8 18.7
-51 -15 67.2 0.9 61.1 1.3
-51 115 57.7 0.6 97.4 1.5
-49 -88 55.7 2.1 50.7 1.0
-47 98 58.5 0.9 92.5 1.1
-46 -32 52.1 0.6 53.3 2.0
-42 -49 28.4 3.3 53.0 2.1
-40 0 65.3 0.1 76.0 1.6
-40 20 67.9 0.1 86.9 1.3
-40 40 68.9 0.1 88.4 3.2
-40 80 55.4 0.2 90.9 1.8
-37 -66 57.0 0.8 53.3 2.1
-37 64 34.6 1.6 92.2 1.7
-36 54 63.8 0.1 89.5 3.2
-34 -10 62.1 0.4 75.7 1.4
-34 120 57.4 0.4 96.1 1.8
-29 -27 53.7 1.7 69.3 1.8
-29 103 63.1 2.0 101.6 0.6
-24 -44 59.7 0.5 64.6 2.0
-20 0 64.4 1.0 75.6 0.8
-20 20 66.4 0.3 70.3 1.4
-20 40 63.2 0.2 72.0 2.7
-18 -18 62.3 0.3 78.7 0.7
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Table 3Continued
∆α a ∆δ a α b σα β
c σβ
-18 54 67.1 0.5 90.7 1.0
-18 72 57.7 0.2 99.6 0.8
-18 90 65.2 0.1 97.5 0.6
-18 108 55.0 0.7 99.0 0.7
-10 34 64.8 2.1 67.0 1.6
-7 91 50.5 1.5 94.8 0.2
-5 17 62.9 0.9 72.1 0.7
-3 73 9.4 6.9 88.3 0.4
0 -40 50.8 1.5 86.0 0.4
0 -20 66.5 0.3 83.0 0.4
0 0 55.2 2.4 77.3 0.5
0 60 62.3 1.4 92.7 1.8
0 100 9.4 6.9 95.7 0.6
7 39 67.3 1.3 85.0 2.1
10 95 49.9 2.5 95.5 1.1
12 22 71.5 1.2 87.1 0.3
15 78 64.1 1.4 87.3 1.5
17 5 49.5 10.0 87.6 0.1
18 -18 57.7 7.0 87.3 0.5
a
Osets in arseonds from
18
h
17
m
31.s4, −16◦14′25′′ (1950).
b
Position angle in degrees of the mag-
neti eld to the line of sight.
c
Position angle in degrees east from
north.
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β
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E
B
LOS
Fig. 1. Denition of the oordinate system (axes N for North, E for East and LOS for
line-of-sight) and of the angles α and β haraterizing the spatial orientation of the magneti
eld vetor (thik line and arrow).
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∆θ
B
Fig. 2. An example of a neutral ow onguration. The ows (thin lines and arrows) are
all ontained within a one of angular width ∆θ entered on the symmetry axis as dened
by the orientation magneti eld vetor (thik line and arrow).
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Fig. 3. The ion line width vs the neutral line width for every pair of spetra obtained
for the soures presented in Table 1. HCO
+
is plotted against HCN and H
13
CO
+
against
H
13
CN. The two straight lines orrespond to the upper and lower limits disussed in the text
where the line width ratio is ≃ 1 and ≃ 0.26, respetively. The luster of open irles all
pertain to spetra obtained on the same objet (M17, whih will be disussed later).
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Fig. 4. The ion-to-neutral line width ratio vs the viewing angle α for angles of neutral
ow ollimation of 20◦, 40◦, 60◦ and 90◦ (no ollimation). Every urve is monotoni and has
a ratio ≃ 1 at α = 0 and ≃ 0.26 at α = pi/2.
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Fig. 5. The ion-to-neutral line width ratio vs the normalized polarization level (P/Pmax)
for angles of neutral ow ollimation of 20◦, 40◦, 60◦ and 90◦ (no ollimation). Every urve is
monotoni and has a ratio ≃ 1 at α = 0 and ≃ 0.26 at α = pi/2. The shaded part represents
the region where we should expet orresponding data points to be loated in ases where
∆θ = 90◦ (see text).
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Fig. 6. HERTZ Polarization map of M17 at 350 µm. All the polarization vetors shown
have a polarization level and error suh that P > 3σP . Cirles indiate ases where P+2σP <
1%. The ontours delineate the total ontinuum ux (from 10% to 90% with a maximum
ux of ≈ 700 Jy) whereas the underlying gray sale gives the polarized ux aording to the
sale on the right. The beam width (≃ 20′′) is shown in the lower left orner and the origin
of the map is at RA = 18h17m31.s4, De = −16◦14′25.′′0 (B1950).
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Fig. 7. Polarization level vs the total ux. Taken from the 350 µm HERTZ polarization
map of M17 shown in Figure 6. The polarization levels have P > 3σP or P + 2σP < 1%.
The depolarization eet disussed in the text is learly seen.
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Fig. 8. HCN and HCO
+
(J → 4 − 3) maps of M17. The lowest ontour level has 12
K·km/s and the following levels inrease linearly with an interval of also 12 K·km/s. The
grid spaing of ≈ 20′′ is approximately the same size as the beam width (shown in the lower
left orners) and the origin of the maps is at RA = 18h17m31.s4, De = −16◦14′25.′′0 (B1950).
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Fig. 9. HCN and HCO
+
spetra of M17 at two dierent positions along with a t to their
line prole. The positions are shown in parenthesis on the right side of the spetra and are
relative to RA = 18h17m31.s4, De = −16◦14′25.′′0 (B1950).
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Fig. 10. The HCO
+
/HCN line width ratio vs the normalized polarization level (P/Pmax)
for M17. Pmax is set at 7% and the data is shown against a model of neutral ow ollimation
of ∆θ = 34.5◦. The polarization levels have P > 3σP or P + 2σP < 1%.
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Fig. 11. Orientation of the magneti eld in M17. The orientation of the projetion of
the magneti eld in the plane of the sky is shown by the vetors and the viewing angle is
given by the length of the vetors (using the sale shown in the bottom right orner). The
ontours and the grey sale delineate the total ontinuum ux. The beam width (≃ 20′′)
is shown in the lower left orner and the origin of the map is at RA = 18h17m31.s4, De =
−16◦14′25.′′0 (B1950).
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Fig. 12. Histograms showing the distribution of the viewing angle α in M17 for (top) our
t to the data shown in Figure 5 (∆θ = 34.5◦) and (bottom) another where ∆θ = 60◦.
